Emotions have been shown to affect cognition and performance on a multitude of individual tasks; however, people increasingly choose (or are required) to perform multiple tasks simultaneously (multitask 1 ). How, then, do emotions affect multitasking performance? This question was assessed in an experiment wherein participants first multitasked in a Baseline phase, watched a video designed to induce a positive, neutral, or negative emotion, and then resumed multitasking for two additional phases. The results indicated that both the positive and neutral video conditions were superior to the negative condition; however, a marginally significant interaction indicated that the neutral condition was equivalent to negative at the final multitasking phase. We conclude by discussing the theoretical and applied aspects of these findings.
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Emotions are an integral part of our everyday experience. Although it seems intuitive that our emotions would interact with cognitive functioning, they have historically been treated as separate entities (Storbeck & Clore, 2007) . However, researchers have recently come to appreciate the role that emotions play across numerous aspects of cognition and task performance, including working memory (Baddeley, 2013) , motivation (Solomon & Corbit, 1974) , and complex learning (D'Mello & Graesser, 2012) .
Emotion has also been linked to another critical factor in task performance, attention (Fredrickson & Branigan, 2005) . The broaden-and-build theory (Fredrickson & Branigan, 2005) posits that positive emotions (i.e., happiness) beget a wider range of attention and thought-action repertoires than one might normally consider. Similar studies have shown that positive emotion tends to promote global processing of visual information, whereas negative emotion facilitates more local processing (e.g., Gasper & Clore, 2002) . In sum, people in a positive state see the forest while people in a negative state focus on the trees.
Although there is evidence for several benefits of positive emotions over negative emotions, (Fredrickson, 2003) , the affordances that result from a positive mental state do come at a cost. For example, positive emotions are associated with greater distractibility. These distractions can affect relatively simple tasks (e.g., flanker task; Rowe, Hirsh, & Anderson, 2007) or even set-switching (cognitive flexibility; Dreisbach & Goschke 2004) . Conversely, negative emotions allow for a deeper focus on the task at hand (Andrews & Thomson, 2009 It is generally acknowledged that performing multiple tasks simultaneously is more challenging than doing a single task. This is due to a 'switch cost' which occurs during rapid task switching (Monsell, 2003) . Despite the reduction in overall performance, multitasking may be necessary in situations where ignoring another task (even temporarily) would result in a critical task failure.
This ability to strategically deploy attentional resources to effectively switch between tasks may underlie the association between executive processes and multitasking performance (e.g., Hambrick, Oswald, Darowski, Rench, & Brou, 2010; Rubinstein, Meyer, & Evans, 2001 ). Thus, if positive and negative emotions have opposite effects on attention, these differences would be clearly evident in multitasking performance. However, does a more global scope in visual attention for positive (vs. negative) emotions help or hinder multitasking? To address this question, we conducted an experiment wherein participants multitasked at a baseline, watched a video designed to induce either a positive, neutral, or negative emotion, and then resumed multitasking for two additional phases.
In regards to the impact of positive vs. negative emotion on multitasking, there are two competing hypotheses. The first argues that an expansion of attention (positive emotion) would improve multitasking performance, as it would improve a person's ability to monitor each individual task. The second hypothesis is that additional task monitoring would be distracting and increase task switch costs, whereas negative emotions would facilitate completion of individual tasks. Finally, the inclusion of a neutral condition allowed us to assess whether a difference between the positive and negative conditions was due to: a benefit to one emotion (emotion 1 > neutral = emotion 2), a penalty to one emotion (emotion 1 = neutral > emotion 2), or both (emotion 1 > neutral > emotion 2). Thus, the performance of the neutral condition should aid in explaining any differences between the positive and negative conditions.
METHOD Participants
The sample was comprised of 178 participants recruited from Amazon's Mechanical Turk (AMT). Participants were over 18, from the USA, and paid $1.25 for their participation. Recent research suggests that AMT is a reliable and valid source to collect experimental data and has confirmed that AMT samples are considerably more diverse than the typical undergraduate student population in the U.S. (Buhrmester, Kwang, & Gosling, 2011; Mason & Suri, 2012; Paolacci, Chandler, & Ipeirotis, 2010) .
SYNWORK
The synthetic work task SYNWORK (Elsmore, 1994 ) is a multitasking environment that requires users to simultaneously attend to four individual tasks: Memory, Visual Monitoring, Auditory Monitoring, and Math. Environments such as SYNWORK are ideal for data collection because of their experimental control and realism (DiFonzo, Hantula, & Bordia, 1998) . The SYNWORK interface is shown in Figure  1 . The task was implemented as specified by Elsmore (1994) , but with some modifications as noted below. It was programmed in Action Script 3 and could run on any browser that supported Adobe Flash. Multitasking performance scores on the four individual tasks were displayed in the corner of each quadrant. The overall score was calculated as the sum of the individual scores, and was displayed in the center of the screen. Participants heard a "clink" sound when points were deducted, but no sound when points were earned, as it became distracting.
Memory. In the top-left quadrant of the screen, participants were asked to remember a list of six letters which were presented at the beginning of each multitasking phase. After five seconds, the list would disappear, and a series of single-letter probes were displayed every 10 seconds. Participants had to determine whether the target letter was included in the original list. Participants could see the list again by clicking "Retrieve List" at the cost of 10 points. Correct responses increased the participant's score by 10 points; incorrect responses or timeouts (10 seconds) decreased the score by 10 points.
Visual Monitoring. The bottom-left quadrant displayed a horizontal bar with a triangular pointer. The pointer would start at the center of the bar, and move left or right at a rate of 1 unit per second. Participants had to click the "Reset" button before the pointer reached the end of the horizontal bar. Participants received more points the closer the pointer was to the edge of the bar when the "Reset" button was clicked (maximum of 10). If the pointer reached the end of the bar before the "Reset" button was clicked, points were continuously deducted from the participant's score at the rate of 10 points per second until the "Reset" button was clicked.
Auditory Monitoring. In the bottom-right quadrant, participants were asked to respond to one of two auditory stimuli. Participants were trained on discriminating low vs. high pitches. If they heard a high-pitched sound (40% of probes), they were to click the "High Sound Report" button, whereas they were to ignore a lower-pitched sound. Participants received 10 points for a correct high sound report, and lost 10 points for an incorrect report or a timeout (10 seconds).
Math. In the top-right quadrant, participants were asked to solve a two-digit arithmetic problem using the "+" and "-" boxes corresponding to each digit. They had 30 seconds to solve each problem and clicked the "Done" button to submit their answer. Correct solutions increased their score by 10; incorrect solutions resulted in a loss of 10 points; and failure to respond within 30 seconds resulted in a loss of points at the rate of 10 points per second.
Emotion Induction
Positive, Neutral, and Negative emotions were induced using video clips from "Whose Line is it Anyway?" (2m28s), "Blue" (2m05s), and "The Champ" (2m45s), respectively. These clips were selected because they have been extensively normed and used in several studies (Schaefer, Nils, Sanchez, & Philippot, 2010) .
Affect Grid
We measured participants' dimensional affect (valence and arousal) using the Affect Grid (Russell, Weiss, & Mendelsohn, 1989) . The Affect Grid is a single item affect measurement instrument consisting of a 9 × 9 (valence × arousal) grid, and is a validated measure of affect with adequate reliability (Cronbach's alpha = .85), convergent validity (correlations of .90 or higher with similar scales of affect), and discriminant validity (correlations of .20 or less with dissimilar scales of affect). The arousal dimension ranges from low arousal (1) to high arousal (9), while the valence dimension ranges from unpleasant feelings (1) to pleasant feelings (9). The Affect Grid was presented on the computer screen and participants responded by using the mouse to select the box anywhere on the grid that best represented their current affective state (see Figure 2 ). The benefit of using the Affect Grid is that participants can report their affective state without the presence of affect labels, which can sometimes be confusing or interpreted differently across individuals. 
Procedure
Participants were first trained on how to use the Affect Grid, followed by training on individual SYNWORK tasks. Participants then practiced all four SYNWORK tasks simultaneously (multitasked) for one minute. After practicing all four tasks together, participants multitasked for 3 minutes (Baseline; BL). Participants were then randomly assigned to one of three video conditions: positive, neutral, or negative. Each participant saw only one video in the experiment. Following the video, participants self-reported their affective states with the Affect Grid (manipulation check). Participants then resumed multitasking for two additional phases, PostVideo 1 (PV1) and Post-Video 2 (PV2; 3 minutes each). The difficulty for both PV1 and PV2 was identical to difficulty in the Baseline phase. After each multitasking phase, participants again self-reported their affect with the Affect Grid.
RESULTS
We began by assessing the efficacy of our emotion induction. We removed 39 participants who did not report an emotional valence of 7-9 in the positive video condition, 4-6 in the neutral video condition, or 1-3 in the negative video condition. These stringent removal criteria were used to give confidence that each participant was in the emotional elicited by the video. Additionally, after calculating the final SYNWORK scores in both post-video multitasking phases, nine participants who were not able to adequately perform the task were removed. Multitasking performance z-scores ± 3 were winsorized for the remaining 130 participants.
Our first analysis was to assess the efficacy of our emotion elicitation. We performed two one-way ANOVAs with video condition as the independent variable and arousal and valence as the dependent variables. The results were significant for both arousal (F(2, 127) = 8.42, p < .001) and valence (F(2, 127) = 722, p < .001). Planned comparisons revealed the following pattern in the data for arousal: positive Next, we determined whether the three video conditions were equivalent in multitasking ability at Baseline. A one-way ANOVA showed no differences between the video groups at Baseline (p = 0.853; see Table 1 for descriptives). Next, we assessed the impact of emotion on multitasking ability with a 3 × 2 (condition × post-video phase) mixed ANCOVA, with overall SYNWORK scores as the dependent variable. The between-subjects independent variable was video condition (positive, neutral, negative), and the within-subjects independent variable was multitasking phase (Post-Video 1, Post-Video 2). Baseline Multitasking scores were included as a covariate to control for performance prior to watching the emotion elicitation videos. (168) There was also a marginally significant interaction between multitasking phase and video condition, F(2, 126) = 2.36, p = .098, η p 2 = .036. Planned comparisons (see Table 2 ) for video conditions at PV1 revealed a pattern that was identical to the overall main effect: positive = neutral > negative. For PV2, however, the planned comparisons revealed the following pattern in the data: positive > neutral = negative. Additionally, the statistically significant differences were associated with a medium to large effect size.
Planned comparisons for multitasking phases (bottom of Table 2) revealed the following pattern in the data: PV2 > PV1 for both positive and negative video conditions, but PV2 = PV1 for the neutral video condition. Again, the statistically significant differences were associated with a medium to large effect size. Thus, both sets of planned comparisons reflect the lack of improvement for the neutral video condition from PV1 to PV2.
Finally, considering the difference in post-video arousal scores reported above, we tested a separate model which included post-video arousal scores as a covariate; however, it was not a statistically significant covariate (p = .718), so it was removed from the final model. 
DISCUSSION

Alignment of Findings with Hypotheses
We proposed two hypotheses regarding emotion and multitasking, based on global (positive emotion) vs. local (negative emotion) processing of information. The first hypothesis posited that positive emotions would facilitate multitasking, as an expansion of attention would help monitor changes in all quadrants of the screen. Conversely, the second hypothesis stated that the added task monitoring would be distracting and increase task switch costs, whereas negative emotions would facilitate successful completion of individual tasks. A neutral emotional state was included to help clarify any differences between the positive and negative states. Positive and neutral emotions were superior to negative emotion when averaged across both Post-Video multitasking phases (after accounting for Baseline scores), supporting our first hypothesis. The equivalence between positive and neutral, then, would seem to imply a penalty to the negative condition (rather than a benefit for positive emotion). However, the interaction between video condition and multitasking phase makes this conclusion questionable, as the neutral and negative conditions were equal at PV2.
Overall, negative emotion had a clear, immediate, detrimental impact on multitasking performance relative to positive emotion. Furthermore, although multitasking performance increased from PV1 to PV2 for both positive and negative conditions, positive emotion was associated with a relatively larger effect size than negative emotion. Curiously, the neutral video condition did not improve at all between PV1 and PV2. It may be that the performance of the positive group continued to increase because of increased motivation (Isen & Reeve, 2005) . The PV1 to PV2 improvement from the negative group, then, might represent delayed task learning or simply regression to the mean (i.e., the neutral condition) at PV2. These questions should be investigated in future studies.
Limitations
Although the results supported our hypotheses, some limitations of this study could be addressed in future work. For example, participants multitasked over a relatively short time span, so the medium-to long-term impact of emotion on multitasking is unknown. Second, emotion may be mediated by relevant individual differences measures (e.g., working memory) which were not assessed in this experiment. Third, although SYNWORK is a domain-general multitasking environment, it remains to be seen if these findings will generalize to other multitasking environments, both domaingeneral and domain-specific.
Applied Implications and Future work
These findings provide novel information regarding the impact of emotion on multitasking. Although the idea that positive workers might be more effective multitaskers is not new (e.g., Lucas & Diener, 2003) , this paper provides causal evidence with data collected in a simulated work environment.
Future research could provide a more thorough examination of the multitasking behavior exhibited under various emotional states. This might include differences in individual task scores, mouse click frequencies, or even overall strategy. Furthermore, there is the question whether emotion affects not only multitasking ability, but multitasking adaptability as well, as these may be different constructs (Morgan et al., in press ).
These findings suggest some critical implications for practitioners and researchers in human emotion and performance. First, emotion does appear to have an impact on multitasking performance, in line with numerous studies in various single-task environments. Second, positive emotion resulted in superior multitasking performance relative to negative emotion in the current environment. However, it is important to note that this may not hold true in all situations. For example, in certain real-world scenarios, it may not be necessary to multitask. However, a wider range of attention (and increased distractibility) afforded by a positive emotion might seduce a person into multitasking anyway. Here, people in a negative emotion may be superior, as they may be more likely to focus on one problem at a time (Andrews & Thomson, 2009) , thus avoiding the inherent performance costs associated with multitasking.
